L forms were induced from 15 of 16 strains of Listeria monocytogenes on penicillin gradient plates incubated under aerobic conditions. The culture medium for maintenance of these L forms must contain an electrolyte in a concentration of 1 % or sucrose in a concentration of 10%. The electrolytes NaCl, KCI, or MgSO4 were used in both induction and maintenance media. Induction of L forms occurred more rapidly on media containing KCl. Listeria L forms had the same fermentation reactions as the parent bacterium. The L-form growth in liquid medium was slow, not extensive, and appeared as clumps on the bottom of culture tubes. The morphology of Listeria L forms was similar to that reported for other bacterial L forms. The L forms derived from strain 10403, serotype 1, were stable after two or more passages on penicillin media. They did not revert to the bacterial form after 40 subcultures on penicillin-free media. Some L-form colonies derived from strain 10403 did revert to the bacterial form when transferred directly from induction plates to penicillin-free media. Studies of the growth characteristics for L forms derived from strain 10403 gave the following results: an optimal temperature of 30 C, high electrolyte or sucrose concentration necessary for induction and maintenance, and no requirement for serum.
L forms were induced from 15 of 16 strains of Listeria monocytogenes on penicillin gradient plates incubated under aerobic conditions. The culture medium for maintenance of these L forms must contain an electrolyte in a concentration of 1 % or sucrose in a concentration of 10%. The electrolytes NaCl, KCI, or MgSO4 were used in both induction and maintenance media. Induction of L forms occurred more rapidly on media containing KCl. Listeria L forms had the same fermentation reactions as the parent bacterium. The L-form growth in liquid medium was slow, not extensive, and appeared as clumps on the bottom of culture tubes. The morphology of Listeria L forms was similar to that reported for other bacterial L forms. The L forms derived from strain 10403, serotype 1, were stable after two or more passages on penicillin media. They did not revert to the bacterial form after 40 subcultures on penicillin-free media. Some L-form colonies derived from strain 10403 did revert to the bacterial form when transferred directly from induction plates to penicillin-free media. Studies of the growth characteristics for L forms derived from strain 10403 gave the following results: an optimal temperature of 30 C, high electrolyte or sucrose concentration necessary for induction and maintenance, and no requirement for serum.
Brem and Eveland (3) and S. Madoff and L. Dienes (Bacteriol. Proc., p. 70, 1967) recently reported a method for inducing L forms of Listeria monocytogenes. We induced L forms from 15 of 16 strains of L. monocytogenes, serotypes 1, lb, 2, 3, 4a, 4b, 4d, and an untypable strain, with methods that differ from theirs. Initial studies of the fermentation reactions and optimal growth requirements for some of the derived L forms have been completed.
MATERIALS AND METHODS
Cultures. Sixteen strains of L. monocytogenes, representing serotypes 1, 1 b, 2, 3, 4a, 4b, 4d, and an untypable strain, were tested for their ability to produce L forms (Table I) .
Media and growth conditions. Parent cultures of L. monocytogenes were maintained in Brain Heart Infusion (BHI, Difco)-semisolid agar and stored at 4 Medium for induction (LIA) of L forms was BHI, to which were added 0.85% Special Agar (Nobel, Difco), 4% NaCl, 10% sterile horse serum, and 0.246% MgSO4-7H20. A basal 2X broth medium of BHI and NaCl was adjusted to pH 7.8 to 8.0 with NaOH, agar was added, and the medium was autoclaved at 121 C for 15 min. Horse serum, MgSO4, and distilled water were sterilized separately and added aseptically to the cooled agar medium to give the desired final concentrations.
Medium for maintenance (LMA) of the L forms was the same as LIA plus the addition of 1.2 units of Penicillin G (Lilly) per ml.
L form fermentation agar (LFA) had the following composition: 1% Tryptose (Difco), 0.85% Special Agar (Nobel), 4% NaCl, 0.1% Na2HPO4, 10% sterile horse serum, 0.246% MgSO4.7H20, 1.2 units of Penicillin G per ml, 0.004% Cresol Red (Difco), and carbohydrate in a final concentration of 1%. A basal 2X medium of Tryptose, NaCl, and Na2HPO4 was adjusted to pH 7.8 to 8.0 with NaOH; agar was added, and the medium was autoclaved at 121 C for 15 min. The other components were sterilized separately and added aseptically to the cooled agar medium.
Induction of L forms. Induction of Listeria L forms was accomplished by a modification of the penicillin gradient method of Sharp (10) . An 0.1-ml amount of LISTERIA MONOCYTOGENES L FORMS Maintenance of L forms. When L-form colonies appeared on the penicillin gradient plates, agar blocks containing the colonies were cut from the plates with a small spatula and streaked, colony-side down, over the surface of the LMA medium. The plates were incubated at 30 C. Abundant growth usually developed after 3 days of incubation. The cultures were transferred every 4 to 6 days.
Morphology ofL forms. Morphological characteristics were determined by examining both living and stained colonies with dissecting and high-power light microscopes. Colonies were fixed according to the method of Klieneberger-Nobel (6) as modified by the HCI treatment of Anderson (1) . Giemsa staining was used exclusively.
Growth of L forms in liquid. Agar blocks containing L-form colonies were inoculated into LMA medium prepared as a broth (LMB). After inoculation, the tubes were shaken with a Vortex shaker for 1 min to dislodge the growth from the blocks. Semisolid LMB medium, supplemented with 0.1, 0.2, and 0.3% agar, was also inoculated with agar blocks containing L-form colonies.
Fermentation by L forms. Fermentation of carbohydrates by derived L forms was determined by inoculating LFA plates with agar blocks containing L-form colonies. Fermentation of the carbohydrates was evidenced by an acid reaction in the medium surrounding the growing L-form colonies.
Factors influencing growth of L forms. The rate and extent of L-form growth on solid media were determined by measuring the diameter of colonies (11) on media supplemented with various concentrations of electrolytes and serum and incubated at various temperatures. Inocula for these studies were prepared by placing an agar block with one L-form colony into a screw-cap tube containing 2 ml of a sterile 4% NaCl solution. The tube was shaken for 1 min with a Vortex shaker; 0.1-ml samples of the suspension were transferred and spread over the surface of the appropriate agar medium. Ten well-separated colonies on each plate were measured with a dissecting microscope equipped with a calibrated ocular micrometer. The colonies were measured at 24-hr intervals for up to 10 days. All plates were incubated at 30 C unless otherwise indicated.
CaCl2, KCI, and MgSO4 in concentrations varying from 0 to 4% were substituted separately for NaCl in LMA medium. Sucrose (10%) was substituted for NaCI in LMA medium; it was also incorporated into LMA medium that contained NaCl. Plates were inoculated and incubated as stated above.
Normal and inactivated (56 C for 30 min) bovine, calf, human, and rabbit sera were substituted separately for horse serum in LMA medium at a concentration of 10%. The concentration of horse serum in LMA medium was varied from 0 to 10%. These media were inoculated and incubated as stated above.
Optimal growth temperature was determined by inoculating LMA medium with 0. (5 ,ug) , dihydrostreptomycin (2,g), and oxytetracycline (5 ,ug) . Penicillin-free LMA-medium plates were inoculated in duplicate with 0.1 ml of an 8-hr culture of strain 10403. Penicillin-free LMA-medium plates were also inoculated in duplicate with 0.1 ml of a 4% NaCl suspension of lM420L and ID420L. A Multidisk was placed on each plate. The plates were incubated at 30 C; after 72 hr of incubation, the zone of inhibition surrounding each disc was measured.
RESULTS
Induction of L forms. Typical fried-egg L-form colonies, consisting of a dark granular central core surrounded by a light periphery, were observed on LIA penicillin gradient plates inoculated with 15 of 16 L. monocytogenes strains. Only strain 5214, an untypable strain, failed to produce L forms. The time required for the appearance of the L-form colonies varied from 3 days for strains 10357, serotype 4a, and MJR1, serotype 1, to 8 days for strains H51, serotype 4, and MJR3, serotype 3.
Penicillin gradient plates containing 2 or 4% KCI or 4% MgSO4, substituted for NaCl in LIA medium, supported the induction of strain 10403 L forms. L forms for strains 10291, 10357, and 10447 could also be induced on LIA medium containing 3% KCI. Strain 10403 L forms were produced most rapidly on LIA medium containing 4% KCI. No L forms developed on plates in which CaCl2 was substituted for NaCl. L forms could not be induced on penicillin gradient plates unless some electrolyte, in addition to the 0.75% in the BHI medium, was added. A minimal addition of 1% NaCl or KCI was sufficient for induction of L forms from strain 10403. Other strains were not tested.
Maintenance of L forms. Three different isolates of L forms derived from strain 10403, serotype 1, designated 1M420L, ID420L, and 1M430L, were maintained by periodic subculturing to LMA medium. These cultures were used in subsequent studies.
Initial development on subcultures of 1M420L, ID420L, and 1M430L colonies was slow, but growth increased markedly after several serial passages on LMA medium. After five serial passages, luxuriant growth from a single colony inoculum was obtained in 1 to 2 days. The viability of the L forms was not noticeably reduced after storage at 4 C for 2 months.
Morphology of L forms. Figure 1 demonstrates the appearance of Listeria L-form colonies on a LIA penicillin gradient plate. The colonies have the typical fried-egg appearance associated with L forms. Figure 2 shows a 72-hr culture of 1M420L on LMA medium. These colonies normally have a central core with a diameter of one-half the colony diameter. Living colonies examined at higher magnifications showed the central core and periphery to consist of large bodies (Fig. 3) ; however, in the core, the large bodies are more densely packed. After 5 ferred to 0.85% agar medium, produced typical L-form colonies. Growth of Lforms in liquid. After 3 to 5 days of incubation in LMB, L-form colonies had spread to cover the entire agar block; after 5 days of incubation, small clumps of growth were present in the bottom of the culture tubes. In the semisolid medium, growth developed along the inoculation stab after 1 to 2 days of incubation. Diffuse growth, however, was never observed in liquid or in semisolid media.
Fermentation by L forms. Fermentation reactions of strain 10403 and its derived L forms, 1M420L and 1D420L, were identical. Acid was produced from fructose, glucose, maltose, rhamnose, salacin, and trehalose. Acid production by the L forms required a longer (3 to 4 day) incubation period than the parent bacterium (1 to 2 day).
Factors influencing growth of L forms. (5, 9, 13) .
The difference in the optimal growth temperatures of the bacterial strain 10403 and its derived L forms may indicate that an alteration in cell metabolism has occurred in the conversion of the bacterium to the L form. The L forms also grew over a range of incubation temperatures from 10 to 40 C.
The requirement of an increased osmotic environment, provided by increased salt and sucrose concentrations, has been reported previously (3; Madoff and Dienes, Bacteriol. Proc., p. 70, 1967) .
The production of stable Listeria L forms has been reported (3; Madoff and Dienes, Bacteriol. Proc., p. 70, 1967); however, Brem and Eveland (3) report that four of their serotypes reverted from the L form to the bacterial form on penicillin-free thioglycolate medium and blood-agar. This procedure was not attempted in this study.
The identical susceptibilities of the parent Listeria and its derived L forms to antibiotics that do not inhibit cell wall synthesis were expected (8, 12 
